Abstract. Pulmonary enteric adenocarcinoma is a markedly rare pathological type of lung adenocarcinoma. As the pancreas is a relatively uncommon site for metastasis, the present case is even more unusual. A 62-year-old male was admitted to hospital following the identification of masses in the left chest wall, right abdominal wall and right upper limb, but with no respiratory symptoms. Computed tomography (CT) of the chest revealed a lump in the lung and a mass in the left chest wall, and 18 F-fluorodeoxyglucose ( 18 F-FDG) uptake by the lumps was increased. An enhanced abdominal CT revealed a hypodense and homogeneous mass on the head of the pancreas, which was slightly enhanced compared with normal pancreatic tissue. In addition, the 18 F-FDG uptake of the lesion was increased and the standardized uptake value (SUV) delayed was not evidently decreased compared with SUVearly. A number of other abnormal metabolic lesions were also identified using positron emission tomography/CT, whereas no abnormal 18 F-FDG uptake was identified in the gastrointestinal organ. Furthermore, rectocolonoscopy was performed to exclude diagnosis of metastatic colorectal adenocarcinoma. The hematoxylin-and eosin-stained smears of the masses in the right lung and left chest demonstrated an enteric pattern, which shared morphological and immunohistochemical (IHC) features with those of colorectal adenocarcinoma. The IHC detection revealed that the lesions in the right lung were positive for cytokeratin 7 (CK7), and negative for CK20 and thyroid transcription factor 1 (TTF-1), and the expression of caudal type homeobox 2 (CDX2) was weakly positive; the masses in the left chest wall were positive for CK7, negative for TTF-1, and CK20 and CDX2 were weakly expressed.
Introduction
Pulmonary enteric adenocarcinoma (PEAC), a rare pathological type of primary lung adenocarcinoma, shares similar pathological morphology and immunohistochemical (IHC) markers with those of metastatic colorectal carcinoma (MCC). In 1991, Tsao and Fraser (1) initially proposed the name 'intestinal type of lung adenocarcinoma'; subsequently, it has been referred to as 'pulmonary intestinal-type adenocarcinoma' or 'pulmonary adenocarcinoma with enteric (or intestinal) differentiation'. In 2005, PEAC was classified as pulmonary mucinous adenocarcinoma by Yousem (2) and Inamura et al (3) . The International Association for the Study of Lung Cancer (IASLC)/American Thoracic Society (ATS)/European Respiratory Society (ERS) International Multidisciplinary Classification of Lung Adenocarcinoma, published in 2011, confirmed the definition of PEAC (4) . PEAC is a rare pathological type. Between 1 May 2005 and 8 October 2015, <20 PEAC-related references have been recorded by PubMed (www.ncbi.nlm.nih.gov/pubmed) and Wanfang (http://g.wanfangdata.com.cn/) (2, 3, (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) .
Pancreatic neoplasms are mainly primary ductal adenocarcinoma; the incidence of intrapancreatic metastases is <10%: Frequencies reported by Smith et al (19) and Shi et al (20) are between 1.8 and 7.6%, and between 2 and 5%, respectively. ~6% of pancreatic metastases originated from the lung cancer (21) . The occurrence of pancreatic metastases is a consequence of the terminal stage of the disease and the invasion of numerous other organs (19) .
Case presentation
A 62-year-old man with a ~20-year history of smoking 20 cigarettes/day was admitted to Ruijin Hospital (Shanghai, China) on 28 September, 2015 owing to the discovery of masses in the left chest wall and right abdominal wall for ~1 month and another in the subcutaneous tissue of the right upper limb for ~1 week, but with no respiratory symptoms. The patient had a history of hypertension and diabetes for >10 years, but no history of malignancy. Blood pressure and blood glucose were managed in a comparatively normal range. Informed consent was obtained from the patient.
Masses were palpated in the subcutaneous tissue of the left upper chest wall, right lower abdominal wall and right upper
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A case report extremity during the physical examination. The masses were between 1.0x1.0 and 1.5x1.0 cm, without redness, swelling or fever, had an irregular shape, with a hard or pliable texture, and were difficult to move and not tender. Lungs were clear to auscultation bilaterally and without evidently dry or moist rales. Abdominal signs and symptoms were negative. No abnormality was identified in the extremities or following neurological examination. Laboratory data identified that carbohydrate antigen 19-9 (CA19-9) was at a normal level; however, carcinoembryonic antigen levels were increased compared with normal levels.
Computed tomography (CT) of the chest identified a 2.8x1.5 cm parenchymal lump with burrs and mild effusion in the lower lobe of the right lung closing to the vertebral column, with mild pleural thickening, but no evidently swollen mediastinal lymph nodes observed (Fig. 1A and B) . A 1.7x1.4 cm mass with irregular margin was revealed in the subcutaneous tissue of the left chest. An abdominal enhanced CT identified that there were multiple cystic-hypodense lesions with no enhancement in the liver, but no dilatation was observed in the intrahepatic bile duct (Fig. 1C) . A hypodense and homogeneous mass with relatively explicit margin was revealed on the head of the mild atrophic pancreas and the mass was enhanced compared with normal pancreatic tissue (Fig. 1D) . No dilatation of the pancreatic duct was identified. Furthermore, the bilateral adrenal glands were swollen. No other focus was identified.
Positron emission tomography (PET)/CT was performed to determine the metabolic status of the tumor. The standardized uptake values (SUV) max of the masses in the right lung and left chest were 6.2 and 4.7, respectively ( Fig. 2A and B) . In the pancreatic lesion, which was a suspected metastatic tumor, the SUVearly was 3.7, and the SUVdelayed was not markedly decreased compared with the SUVearly (Fig. 2C and D) . However, the 18 F-fluorodeoxyglucose ( 18 F-FDG) uptake by the pancreatic duct was not increased. The SUVmax of the lesions in the left lobe of the liver and left adrenal exceeded normal levels ( Fig. 2E and F) . In addition, abnormally metabolic lesions were identified in many other organs; however, no abnormal 18 F-FDG uptake was identified in the gastrointestinal organ.
To exclude a diagnosis of colorectal adenocarcinoma, rectocolonoscopy had been performed and no anomaly was identified.
The neoplasm samples in the lower lobe of the right lung and subcutaneous tissue of the left chest wall were obtained using CT-guided fine-needle aspiration (FNA) and endoscopic ultrasound (EUS)-guided FNA respectively. The cytological examination of the two masses, which were stained using hematoxylin and eosin, identified that the two masses possessed similar pathological characteristics: Glandular or cribriform structures with luminal necrosis, tall-columnar oncocytes with eosinophilic cytoplasm, tall or ovoid nuclei arranging in pseudostratified pattern and quantities of inflammatory cells infiltrating the mesenchyma with fibrotic hyperplasia (Fig. 3) . It was not possible to easily distinguish the pathological features of the two lesions from those of gastrointestinal adenocarcinoma. The antibodies used for IHC detection are listed in Table I . The tumor cells of the lung neoplasm was positive for cytokeratin 7 (CK7), negative for CK20, thyroid transcription factor 1 (TTF-1) and CA19-9, and the expression of caudal type homeobox 2 (CDX2) was weakly positive; by comparison, those of the chest neoplasm was positive for CK7, negative for TTF-1, and CA19-9, and CK20 and CDX2 were weakly expressed (Table II ; Fig. 4 ). 18 F-FDG uptake in the left adrenal gland increases. SUVmax is 3.1. 18 F-FDG, 18 F-fluorodeoxyglucose; SUV, standardized uptake value.
Discussion
Pulmonary enteric adenocarcinoma. According to the 2011 IASLC/ATS/ERS International Multidisciplinary Lung Adenocarcinoma Classification, PEAC was defined as a lung adenocarcinoma with enteric differentiation of >50% (4). The enteric pattern exhibits the features of colorectal adenocarcinoma, which has glandular, papillary and/or cribriform structures with luminal necrosis, tall-columnar cells with pseudostratified and atypical nuclei and eosinophilic cytoplasm; in contrast with metastatic colorectal adenocarcinoma (MCA), PEAC exhibits a histological component that resembled primary lung adenocarcinoma (PLA), including lepidic growth (4). PEAC is consistently positive for CK7 (CK7-negative cases may occur) and positive for TTF-1 in ~50% of cases, and exhibits >1 IHC marker of enteric differentiation, including CDX2, CK20 and mucin 2 (MUC2) (4). The IASLC/ATS/ERS Classification pointed out that the tumor not exhibiting IHC markers of enteric differentiation should be regarded as lung adenocarcinoma with enteric morphology rather than PEAC (4). According to the references published in PubMed and Wanfang between 1 May 2005 and 8 October 2015, CK7, TTF-1, CK20 and CDX2 are the principal IHC markers for distinguishing between PEAC, MCA and PLA.
In MCC and PLA, the expression of IHC markers is markedly consistent. Yousem (2) demonstrated that all lesions in cases of MCA shared the same immunoprofile, which was negative for TTF-1 and CK7, but markedly positive for CK20 and CDX2 (75-100%). Inamura et al (3) identified that TTF-1 and CK7 were all negative in the 14 samples of MCC; however, CDX2 and CK20 were markedly positive in 12 cases. Montezuma et al (22) performed IHC detection in 25 cases of MCC and 198 cases of PLA, revealing that all MCC cases were positive for CK20, but negative for TTF-1, and CK7 was negative or weakly expressed; all PLA cases were strongly positive for TTF-1, a number were positive for CK7, and only a limited number were weakly positive for p63. TTF-1, which belongs to the NK-2 homeobox family, is positive in PLA, but negative in MCC, therefore it is recognized as the best single stain for PLA (23) .
References concerning IHC markers of PEAC, deposited in the Wanfang database and PubMed between 1 May 2005 and 8 October 2015, were examined. As the studies by Geles et al (17) and Suzuki et al (18) lacked the specific information concerning patients and the results of IHC, these studies were excluded from the analysis. The results of the analysis demonstrated that, in the 41 cases of PEAC recorded, the positive rate of CK7 was 87.8%, the negative rates of CK20 and TTF-1 were 70.7 and 51.2%, respectively, and the positive rate of CDX2 ranged between 51.2 and 65.9% (Table III) . CK7 and CK20 were identified to be comparatively accurate markers that may be used to distinguish PEAC from MCC, whereas TTF-1 possesses marked accuracy in distinguishing between PEAC and PLA. In addition to the aforementioned immune markers, PEAC and MCC are heterogeneous in the expression of MUC1, MUC2 and MUC5 (2). Lin et al (9) reported that villin was able to function as the IHC marker, which determined the occurrence of enteric differentiation in cases of PEAC; however, PEAC was not able to be distinguished from MCC on the basis of the expression pattern of villin in the brush border.
To further confirm PEAC, in addition to the morphological detection of IHC markers, rectocolonoscopy must be performed to exclude MCA or MCC (10). (A) The lung neoplasm and (B) the chest mass magnification were characterized by glandular structures with cellular debris resulting in 'dirty necroses' in glandular cavities, tall-columnar cells with pseudostratified and atypical nuclei. However, the atypical karyokinesis and dirty necroses of the chest neoplasm were more marked than that of the lung neoplasm (H&E, x200).
In the present case study, the right lung neoplasm and the left chest neoplasm exhibited similar morphological characteristics to an enteric pattern. Additionally, the two lesions possessed similar expressions of the IHC marker: CK7(+), TTF-1(-) and CDX-2 (weakly positive). Furthermore, rectocolonoscopy was performed and no anomaly was identified. These results led to the conclusion that the two neoplasms are of the same pathological type and the left chest neoplasm is a metastasis from the primary lung neoplasm. Furthermore, the rectocolonoscopy examination assisted in excluding the possibility of the presence of MCA or MCC, and the negative expression of CA19-9 demonstrates that the two masses are not the metastases of a pancreatic neoplasm.
The two lesions are markedly positive for CK7 and negative for TTF-1. The aforementioned analysis identified that CK7 and CK20 are comparatively accurate markers used to distinct PEAC from MCC (MCC is typically negative for CK7 and positive for CK20, whereas PEAC is typically positive for CK and negative for CK20). TTF-1 possesses marked accuracy in distinguishing PEAC from PLA (PEAC is typically negative for TTF-1 and PLA is typically positive for TTF-1). As aforementioned, the IASLC/ATS/ERS Classification pointed out that the tumor not exhibiting IHC markers of enteric differentiation should be regarded as lung adenocarcinoma with enteric morphology rather than PEAC (4) . As the two neoplasms exhibit the same pathological type and the metastases in the left chest are positive for CDX2, the uncertain CDX2 in the primary lung neoplasm is most likely to be positive. Therefore, the primary lung neoplasm is PEAC rather than primary lung adenocarcinoma with enteric morphology.
In addition, the 2011 IASLC/ATS/ERS Classification proposed that the enteric differentiation in lung adenocarcinoma should be >50% (4). However, the studies obtained from the PubMed and Wanfang databases did not demonstrate enteric differentiation of >50%. Furthermore, samples, obtained using CT-guided FNA, are limited, therefore a level of 50% is difficult to confirm, so the practical relevance of 50% requires reconsideration.
Metastasis to the pancreas. Pancreatic masses are typically primary neoplasms, and the incidence of pancreatic metastases reported in previous studies is <10%; however, pancreatic metastases are being observed with increased frequency at high-volume pancreatic surgeries (19, 20) . The underlying molecular mechanism for the occurrence of metastases in the pancreas is poorly understood. According to previous research, one reason may be the transformation of biological behavior of the tumor cells, which is a result of the alterations of certain molecules and genes during chemotherapeutic regimens (24) . Another reason may lie in the fact that certain tumor cells may have a marked affinity for the parenchyma of the pancreas regardless of whether or not the neoplasm has been treated (24). AE1/AE3, CK903 and CK19 markers denote origination in the tumor epithelium. p63 and CK5/6 are the specific markers for squamous carcinoma. CK7, TTF-1, CK20 and CDX2 are the primary markers to distinguish pulmonary enteric adenocarcinoma from metastatic colorectal carcinoma and primary lung adenocarcinoma. CK, cytokeratin; TTF-1, thyroid transcription factor 1; CDX2, caudal type homeobox 2; CA19-9, cancer antigen 19-9; Ki67, proliferation marker protein Ki67.
The definitive separation of primary and secondary pancreatic neoplasms depends primarily on the examination of pathological tissue, which is typically collected using EUS-guided FNA in living patients (25) . Nevertheless, pathological samples of pancreatic metastases remain difficult to obtain. Furthermore, CT exhibits certain typical radiographic characteristics in separating the pancreatic metastases from primary pancreatic carcinomas (20) .
The most common manifestation was hypodense or isodense mass on unenhanced CT. In terms of enhancement pattern, the homogeneous lesions with well-defined margins exhibited hypoattenuation, compared with the normal enhanced pancreas. The rare presentation was pancreatic infiltration with mild enhancement instead of focal mass, which is similar to focal pancreatitis (20) . However, unlike pancreatic ductal adenocarcinoma (PDAC), the majority of metastases tended to be well circumscribed, although they lacked true capsules. Tan et al (26) identified other unique features of secondary alterations caused by PDAC that are rarely observed in pancreatic metastasis, including dilatation of the upstream pancreatic duct or pancreatic parenchymal atrophy; furthermore, multiple lesions occurring in the pancreas are strong evidence of pancreatic metastases. Shi et al (20) identified that pancreatic metastases from non-small cell lung cancer and gastrointestinal carcinoma exhibited similar CT imaging characteristics, and they hypothesized that this may have an association with pathological type, since the majority were adenocarcinoma.
PET/CT, combining metabolic detection with anatomical imaging, may reflect the metabolic level and proliferative index of the tumor. It has been reported that PET/CT is superior to CT in diagnosis of pancreatic cancer (27) . Improved diagnostic value for pancreatic cancer may be obtained when 18 F-FDG uptake of the anomaly is increased compared with that of normal parenchyma or that of normal liver. The threshold value of SUVmax in distinguishing pancreatic cancer from benign lesions has not yet been determined. Nishiyama et al (28) demonstrated that dual-phase 18 F-FDG imaging may improve diagnostic efficacy in distinguishing pancreatic cancer from mass-forming pancreatitis, whereas Kato et al (29) indicated that differentiation between metastasis-free pancreatic cancer and mass-forming pancreatitis was difficult by 18 F-FDG-PET/CT due to considerable overlap between the SUVmax of these two diseases.
With the exception of radiographic characteristics, Tan et al (26) proposed that the existence of other malignant lesions was important for the diagnosis of pancreatic metastasis. The presence of CA19-9 may also contribute to the correct diagnosis of pancreatic metastasis. CA19-9 possesses 81% sensitivity and 89% specificity for the diagnosis of primary pancreatic adenocarcinoma rather than secondary pancreatic lesions, particularly when the level of CA19-9 is increased progressively (20) .
The present case has demonstrated typical radiographic characteristics of pancreatic metastases from PEAC, which differ from those of primary pancreatic lesions. The serum tumor marker CA19-9 in the present case was also at a normal level. Indeed, certain patients with primary pancreatic tumors have normal CA19-9 levels; however, if CA19-9 is maintained at a normal level, the possibility of the occurrence of primary pancreatic tumors decreases. Furthermore, it has been Geles et al (17) conducted morphological, IHC and genetic tests on pulmonary mucinous adenocarcinoma; however, the number of PEAC patients and specific results from the IHC tests were not specified, therefore this study is not included. Although Suzuki et al (18) confirmed the number of PEAC cases, only CDX2 was examined, therefore the study was omitted. IHC, immunohistochemical; PEAC, pulmonary enteric adenocarcinoma; TTF-1, thyroid transcription factor 1; CK, cytokeratin; CDX2, caudal type homeobox 2; NA, not available.
confirmed that the neoplasm in the left chest originated from a right lung neoplasm, and the IHC marker CA19-9 is negative in the two neoplasm, which further decreases the possibility of the identification of a primary pancreatic neoplasm. A number of other metastases have also been presented following examination using PET/CT; generally speaking, it is more likely that the metastases originate from one primary neoplasm rather than two. Although EUS-guided FNA was not applied in the present case, owing to the poor physical condition of the patient, according to the above analysis, the lesion in the pancreas is considered to be a metastasis originating from PEAC. PEAC is an aggressive cancer, which is characterized by rapid growth and early metastatic behavior. To realize personalized therapy of primary lung carcinoma, further investigations are required for further understanding of PEAC. However, owing to a lack of cases of PEAC, it remains challenging to study PEAC. Pancreatic metastasis is also observed infrequently, but it typically affects the treatment decision, so increased efforts should be made to improve our knowledge of the underlying molecular mechanism of pancreatic metastasis and improve the radiographic diagnosis efficacy of PEAC since EUS-guided FNA is an invasive technique that should be limited in use.
